The LHCb collaboration † Abstract Measurements of b-hadron lifetimes are reported using pp collision data, corresponding to an integrated luminosity of 1.0 fb −1 , collected by the LHCb detector at a centre-of-mass energy of 7 TeV. Using the exclusive decays 
Introduction
Within the framework of heavy quark expansion (HQE) theory [1] [2] [3] [4] [5] [6] [7] , b-hadron observables are calculated as a perturbative expansion in inverse powers of the b-quark mass, m b . At zeroth order the lifetimes of all weakly decaying b hadrons are equal, with corrections appearing at order 1/m 2 b . Ratios of b-hadron lifetimes can be theoretically predicted with higher accuracy than absolute lifetimes since many terms in the HQE cancel. The latest theoretical predictions and world-average values for the b-hadron lifetimes and lifetime ratios are reported in Table 1 
where y q ≡ ∆Γ q /(2Γ q ) and A
is an observable that depends on the final state, f . As such, the lifetimes measured are usually referred to as effective lifetimes. In the B 0 s system, where ∆Γ s /Γ s = 0.159 ± 0.023 [13] , the deviation from an exponential decay time distribution is non-negligible. In contrast, in the B 0 system this effect is expected to be small as ∆Γ d /Γ d is predicted to be (42 ± 8) × 10 −4 in the Standard Model (SM) [14, 15] . Both the BaBar [16, 17] and Belle [18] collaborations have measured |∆Γ d /Γ d | and the current world average is |∆Γ d /Γ d | = 0.015 ± 0.018 [13] . A deviation in the value of ∆Γ d from the SM prediction has recently been proposed [19] as 1.00 ± 0.01 [15, [23] [24] [25] 0.998 ± 0.009
0.86-0.95 [3, 23, [26] [27] [28] [29] [30] [31] [32] 0.941 ± 0.016 a potential explanation for the anomalous like-sign dimuon charge asymmetry measured by the D0 collaboration [20] . In this paper, ∆Γ d /Γ d is measured from the effective lifetimes of B 0 → J/ψ K * (892) 0 and B 0 → J/ψ K 0 S decays, as proposed in Ref. [21] . The main challenge in the measurements reported is understanding and controlling the detector acceptance, reconstruction and selection efficiencies that depend upon the b-hadron decay time. This paper is organised as follows. Section 2 describes the LHCb detector and software. The selection criteria for the b-hadron candidates are described in Sec. 3. Section 4 describes the reconstruction efficiencies and the techniques used to correct the decay time distributions. Section 5 describes how the efficiency corrections are incorporated into the maximum likelihood fit that is used to measure the signal yields and lifetimes. The systematic uncertainties on the measurements are described in Sec. 6. The final results and conclusions are presented in Sec. 7.
Detector and software
The LHCb detector [33] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system consisting of a silicon-strip vertex detector (VELO) surrounding the pp interaction region, a large-area silicon-strip detector (TT) located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes placed downstream. The combined tracking system provides a momentum, p, measurement with relative uncertainty that varies from 0.4% at 5 GeV/c to 0.6% at 100 GeV/c, and impact parameter resolution of 20 µm for charged particles with high transverse momentum, p T . Charged hadrons are identified using two ring-imaging Cherenkov detectors [34] . Photon, electron and hadron candidates are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers [35] . The right-handed coordinate system adopted has the z-axis along the beam line and the y-axis along the vertical. The trigger [36] consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction.
Two distinct classes of tracks are reconstructed using hits in the tracking stations on both sides of the magnet, either with hits in the VELO (long track) or without (downstream track). The vertex resolution of b-hadron candidates reconstructed using long tracks is better than that for candidates reconstructed using downstream tracks. However, the use of long tracks introduces a dependence of the reconstruction efficiency on the b-hadron decay time.
In the simulation, pp collisions are generated using Pythia 6.4 [37] with a specific LHCb configuration [38] . Decays of hadronic particles are described by EvtGen [39] , in which final state radiation is generated using Photos [40] . The interaction of the generated particles with the detector and its response are implemented using the Geant4 toolkit [41] as described in Ref. [42] .
Candidate selection
The reconstruction of each of the H b → J/ψ X decays is similar and commences by selecting J/ψ → µ + µ − decays. Events passing the hardware trigger contain dimuon candidates with high transverse momentum. The subsequent software trigger is composed of two stages. The first stage performs a partial event reconstruction and requires events to have two well-identified oppositely charged muons with an invariant mass larger than 2.7 GeV/c 2 . The selection at this stage has a uniform efficiency as a function of decay time. The second stage performs a full event reconstruction, calculating the position of each pp interaction vertex (PV) using all available charged particles in the event. The average number of PVs in each event is approximately 2.0. Their longitudinal (z) position is known to a precision of approximately 0.05 mm. If multiple PVs are reconstructed in the event, the one with the minimum value of χ 2 IP is associated with the J/ψ candidate, where χ 2 IP is the increase in the χ 2 of the PV fit if the candidate trajectory is included. Events are retained for further processing if they contain a J/ψ → µ + µ − pair that forms a vertex that is significantly displaced from the PV. This introduces a non-uniform efficiency as function of decay time.
The offline sample of J/ψ meson candidates is selected by requiring each muon to have p T larger than 500 MeV/c and the J/ψ candidate to be displaced from the PV by more than three times its decay length uncertainty. The invariant mass of the two muons, m(µ + µ − ), must be in the range [3030, 3150] MeV/c 2 . The b-hadron candidate selection is performed by applying kinematic and particle identification criteria to the final-state tracks, the details of which are reported in Sec. 3.1 to 3.5. No requirements are placed on variables that are highly correlated to the b-hadron decay time, thereby avoiding the introduction of additional biases. All final-state particles are required to have a pseudorapidity in the range 2.0 < η < 4.5. In addition, the z-position of the PV (z PV ) is required to be within 100 mm of the nominal interaction point, where the standard deviation of the z PV distribution is approximately 47 mm. These criteria cause a reduction of approximately 10% in signal yield but define a fiducial region where the reconstruction efficiency is largely uniform.
The maximum likelihood fit uses the invariant mass, m(J/ψ X), and proper decay time, t, of each b-hadron candidate. The decay time of the b-hadron candidate in its rest frame is derived from the relation t = m l/q, where m is its invariant mass and the decay length, l, and the momentum, q, are measured in the experimental frame. In this paper, t is computed using a kinematic decay-tree fit (DTF) [43] involving all final-state tracks from the b-hadron candidate with a constraint on the position of the associated PV. Unlike in the trigger, the position of each PV is calculated using all available charged particles in the event after the removal of the b-hadron candidate final-state tracks. This is necessary to prevent the final-state tracks from biasing the PV position towards the b-hadron decay vertex and helps to reduce the tails of the decay-time resolution function. This prescription does not bias the measured lifetime using simulated events. The χ 2 of the fit, χ If no correction is applied to the decay time distribution, the measured lifetime would be biased by approximately −2 fs relative to the generated value. Using simulated events it is found that this effect is correlated to the opening angle between the K + and π − (K + and K − ) from the K * 0 (φ) decay. No effect is observed for the muons coming from the J/ψ decay due to the larger opening angle in this case. To remove the effect, the calculation of χ In events with multiple PVs, b-hadron candidates are removed if they have a χ 2 IP with respect to the next best PV smaller than 50. This requirement is found to distort the decay time distribution, but reduces a source of background due to the incorrect association of the b hadron to its production PV.
The invariant mass is computed using another kinematic fit without any constraint on the PV position but with the invariant mass of the µ + µ − pair, m(µ + µ − ), constrained to the known J/ψ mass [44] . Figures 1 and 2 show the m(J/ψ X) distributions for the selected candidates in each final state and Table 2 gives the corresponding signal yields. Table 2 : Estimated event yields for the five b → J/ψ X channels selected using the criteria described in Sec. 3.1 to 3.5.
Channel
Yield
The B + candidates are reconstructed by combining the J/ψ candidates with a charged particle that is identified as a kaon with p T larger than 1 GeV/c and p larger than 10 GeV/c. The invariant mass, m(J/ψ K + ), must be in the range [5170, 5400] MeV/c 2 , where the lower bound is chosen to remove feed-down from incompletely reconstructed B 0 → J/ψ K * 0 decays. The χ 2 DTF of the fit, which has 5 degrees of freedom, is required to be less than 25. Multiple B + candidates are found in less than 0.02% of selected events.
Selection of
The K * 0 candidates are reconstructed by combining two oppositely charged particles that are identified as a kaon and a pion. The pion and K * 0 must have p T greater than 0. 
S candidates are formed from the combination of two oppositely charged particles that are identified as pions and reconstructed as downstream tracks. This is necessary since studies of simulated signal decays demonstrate that an inefficiency depending on the b-hadron decay time is introduced by the reconstruction of the long-lived K 0 S and Λ particles using long tracks. Even so, it is found that the acceptance of the TT still depends on the origin of the tracks. This effect is removed by further tightening of the requirement on the position of the PV to z PV > −50 mm.
For particles produced close to the interaction region, this effect is suppressed by the requirements on the fiducial region for the PV, which is further tightened by requiring that , to account for the additional acceptance introduced by the TT.
The downstream pions are required to have p T greater than 0.1 GeV/c and p greater than 2 GeV/c. The K 
The φ candidates are formed from two oppositely charged particles that have been identified as kaons and originate from a common vertex. The K + K − pair is required to have p T larger than 1 GeV/c. The invariant mass of the 4 Dependence of efficiencies on decay time Section 3 described the reconstruction and selection criteria of the H b → J/ψ X decays and various techniques that have been used to minimise the dependence of selection efficiencies upon the decay time. After these steps, there remain two effects that distort the b-hadron decay time distribution. These are caused by the VELO-track reconstruction efficiency, ε VELO , and the combination of the trigger efficiency, ε trigger , and offline selection efficiency, ε selection|trigger . This section will describe these effects and the techniques that are used to evaluate the efficiencies from data control samples.
VELO-track reconstruction efficiency
The largest variation of the efficiency with the decay time is introduced by the track reconstruction in the VELO. The track finding procedure in the VELO assumes that tracks originate approximately from the interaction region [33, 45] . In the case of long-lived b-hadron candidates this assumption is not well justified, leading to a loss of reconstruction efficiency for charged particle tracks from the b-hadron decay. The distance of closest approach of the track to the z-axis is defined as
where p is the momentum of the final-state track from a b-hadron candidate decaying at point d,ẑ is a unit vector along the z-axis and v is the origin of the VELO coordinate system. During data taking the position of the LHCb VELO is monitored as a function of time and is centred around the LHC beam line. Using a control sample of B + → J/ψ K + candidates where the K + is reconstructed as a downstream track, the VELO-track reconstruction efficiency, ε VELO (ρ), is computed as the fraction of these tracks that are also reconstructed as long tracks. From samples of simulated b-hadron decays, it is observed that ε VELO (ρ) can be empirically parameterised by where the parameters a and c are determined from a fit to the unbinned efficiency distribution. Figure 3 shows the VELO-track reconstruction efficiency obtained using this method and Table 3 shows the corresponding fit results. Since different configurations of the VELO reconstruction algorithms are used within the LHCb software trigger (online) and during the subsequent processing (offline), it is necessary to evaluate two different efficiencies. The stronger dependence of the online efficiency as a function of ρ is due to the additional requirements used in the first stage of the software trigger such that it satisfies the required processing time.
Applying the same technique to a simulated sample of B + → J/ψ K + decays yields qualitatively similar behaviour for ε VELO (ρ). Studies on simulated data show that the efficiency for kaons and pions from the decay of φ and K * 0 mesons is smaller than for the kaon in B + → J/ψ K + decays, due to the small opening between the particles in the φ and K * 0 decays, as discussed in Sec. 3. In addition, there are kinematic differences between the calibration B + sample and the signal samples. Scaling factors on the efficiency parameters are derived from simulation to account for these effects, and have typical sizes in the range [1.04, 1.65], depending on the decay mode and final-state particle being considered.
The distortion to the b-hadron candidate decay time distribution caused by the VELOtrack reconstruction is corrected for by weighting each b-hadron candidate by the inverse of the product of the per-track efficiencies. The systematic effect introduced by this weighting is tested using simulated samples of each channel. The chosen efficiency depends on whether the particle is reconstructed with the online or offline variant of the algorithm. Studies on simulated data show that tracks found by the online tracking algorithm are also found by the offline tracking efficiency. For example, the efficiency weight for each B 0 → J/ψ K * 0 candidate takes the form
since the two muons are required to be reconstructed online, while the kaons and the pions are reconstructed offline.
In the case of the B 0 → J/ψ K 
Trigger and selection efficiency
The efficiency of the second stage of the software trigger depends on the b-hadron decay time as it requires that the J/ψ meson is significantly displaced from the PV. A parameterisation of this efficiency, ε trigger (t), is obtained for each b → J/ψ X decay mode by exploiting a corresponding sample of b → J/ψ X candidates that are selected without any displacement requirement. For each channel, the control sample corresponds to approximately 40% of the total number of signal candidates. A maximum likelihood fit to the unbinned invariant mass distribution m(J/ψ X) is performed to determine the fraction of signal decays that survive the decay-time biasing trigger requirements as a function of decay time. The same technique is used to determine the decay time efficiency of the triggered candidates caused by the offline selection, ε selection|trigger (t), which is introduced by the requirement on the detachment of the J/ψ mesons in the sample used to reconstruct the b-hadron decays. The combined selection efficiency, ε selection (t), is given by the product of ε trigger (t) and ε selection|trigger (t). Figure 4 shows ε selection (t) obtained for the B + → J/ψ K + channel as a function of decay time. The efficiencies obtained for the other H b → J/ψ X channels are qualitatively similar. Studies using simulated events show that the efficiency drop below 0.5 ps is caused by the J/ψ displacement requirement. The dip near 1.5 ps appears because the PV reconstruction in the software trigger is such that some final-state tracks of short-lived b-hadron decays may be used to reconstruct an additional fake PV close to the true b-hadron decay vertex. As a result the reconstructed J/ψ meson does not satisfy the displacement requirement, leading to a decrease in efficiency.
The efficiency parameterisation for each channel is used in the fit to measure the corresponding b-hadron lifetime. An exception is made for the Λ 0 b → J/ψ Λ channel where, owing to its smaller event yield, ε selection (t) measured with B 0 → J/ψ K 0 S decays is used instead. The validity of this approach is checked using large samples of simulated events.
Maximum likelihood fit
For each channel, the lifetime is determined from a two-dimensional maximum likelihood fit to the unbinned m(J/ψ X) and t distributions. The full probability density function (PDF) is constructed as P = f s (S m × S t ) + (1 − f s )(B m × B t ), where f s is the signal fraction, determined in the fit, and S m × S t and B m × B t are the (m(J/ψ X), t) PDFs for the signal and background components, respectively. A systematic uncertainty is assigned to the assumption that the PDFs factorise.
The signal mass PDF, S m , is modelled by the sum of two Gaussian functions. The free parameters in the fit are the common mean, the width of the narrower Gaussian function, the ratio of the second to the first Gaussian width and the fraction of the first Gaussian function. The background mass distribution, B m , is modelled by an exponential function with a single free parameter.
The signal b-hadron decay time distribution is described by an exponential function with decay constant given by the b-hadron lifetime, τ H b →J/ψ X . The signal decay time PDF, S t , is obtained by multiplying the exponential function by the combined t-dependent trigger and selection efficiency described in Sec. 4.2. From inspection of events in the sidebands of the b-hadron signal peak, the background decay time PDF, B t , is well modelled by a sum of three exponential functions with different decay constants that are free in the fit. These components originate from a combination of prompt candidates, where all tracks originate from the same PV, and long-lived candidates where tracks from the associated PV are combined with other tracks of long-lived particles. For each channel the exponential functions are convolved with a Gaussian resolution function with width σ and mean ∆, an offset of the order of a few femtoseconds that is fixed in the fit. Using a sample of prompt J/ψ background events, the decay time resolution for H b → J/ψ X channels reconstructed using long tracks has been measured to be approximately 45 fs [46] . The negative log-likelihood, constructed as
is minimised in the fit, where the weights w i correspond to the per-candidate correction for the VELO reconstruction efficiency described in Sec. 4.1. The factor α = i w i / i w 2 i is used to include the effect of the weights in the determination of the uncertainties [47] . Figures 1 and 2 show the result of fitting this model to the selected candidates for each channel, projected onto the corresponding m(J/ψ X) and t distributions. As a consistency check, an alternative fit procedure is developed where each event is given a signal weight, W i , determined using the sPlot [48] method with m(J/ψ X) as the discriminating variable and using the mass model described above. A weighted fit to the decay time distribution using the signal PDF is then used to measure the b-hadron lifetime. In this case, the negative log-likelihood is given by Eq. (6) where w i is replaced with W i w i and
The difference between the results of the two fitting procedures is used to estimate the systematic uncertainty on the background description.
Systematic uncertainties
The systematic effects affecting the measurements reported here are discussed in the following and summarised in Tables 4 and 5 .
The systematic uncertainty related to the VELO-track reconstruction efficiency can be split into two components. The first uncertainty is due to the finite size of the B + → J/ψ K + sample, reconstructed using downstream kaon tracks, which is used to determine the per-candidate efficiency weights and leads to a statistical uncertainty on the ε VELO (ρ) parameterisation. The lifetime fits are repeated after varying the parameters by ±1σ and the largest difference between the lifetimes is assigned as the uncertainty. The second uncertainty is due to the scaling factors, which are used to correct the efficiency for phase-space effects, obtained from simulated events. The fit is repeated using the unscaled efficiency and half of the variation in fit results is assigned as a systematic uncertainty. These contributions, of roughly the same size, are added in quadrature in Table 4 .
A number of additional consistency checks are performed to investigate possible mismodelling of the VELO-track reconstruction efficiency. First, ε VELO (ρ) is evaluated in two track momentum and two track multiplicity bins and the event weights recalculated. Using both data and simulated events, no significant change in the lifetimes is observed after repeating the fit with the updated weights and, therefore, no systematic uncertainty is assigned. Secondly, to assess the sensitivity to the choice of parameterisation for ε VELO (ρ) (Eq. 4), the results are compared to those with linear model for the efficiency. The effect is found to be negligible and no systematic uncertainty is applied. Thirdly, the dependence of the VELO-track reconstruction efficiency on the azimuthal angle, φ, of each track is studied by independently evaluating the efficiency in four φ quadrants for both data and simulation. No dependence is observed. Finally, the efficiency is determined separately for both positive and negative kaons and found to be compatible.
The techniques described in Sec. 4 to correct the efficiency as a function of the decay time are validated on simulated data. The lifetime is fit in each simulated signal mode and the departure from the generated lifetime, ∆τ , is found to be compatible with zero within the statistical precision of each simulated sample. The measured lifetimes in the data sample are corrected by each ∆τ and a corresponding systematic uncertainty is assigned, given by the size of the statistical uncertainty on the fitted lifetime for each simulated signal mode.
The assumption that m(J/ψ X) is independent of the decay time is central to the validity of the likelihood fits used in this study. It is tested by re-evaluating the signal weights of the alternative fit in bins of decay time and then refitting the entire sample using the modified weights. The systematic uncertainty for each decay mode is evaluated as the sum in quadrature of the lifetime variations, each weighted by the fraction of signal events in the corresponding bin.
For each signal decay mode, the effect of the limited size of the control sample used to estimate the combined trigger and selection efficiency is evaluated by repeating the fits with ε selection (t) randomly fluctuated within its statistical uncertainty. The standard deviation of the distribution of lifetimes obtained is assigned as the systematic uncertainty.
The alternative likelihood fit does not assume any model for the decay time distribution associated with the combinatorial background. Therefore, the systematic uncertainty associated to the modelling of this background is evaluated by taking the difference in lifetimes measured by the nominal and alternative fit methods.
The fit uses a double Gaussian function to describe the m(J/ψ X) distribution of signal candidates. This assumption is tested by repeating the fit using a double-sided Apollonios function [49] where the mean and width parameters are varied in the fit and the remaining parameters are fixed to those from simulation. The differences in lifetime with respect to the default results are taken as systematic uncertainties.
As described in Sec. 5 the dominant background in each channel is combinatorial in nature. It is also possible for backgrounds to arise due to misreconstruction of b-hadron decays where the particle identification has failed. The presence of such backgrounds is checked by inspecting events in the sidebands of the signal and re-assigning the mass hypotheses of at least one of the final-state hadrons. The only contributions that have an impact are Λ Another potential source of background is the incorrect association of signal b hadrons to their PV, which results in an erroneous reconstruction of the decay time. Since the fitting procedure ignores this contribution, a systematic uncertainty is evaluated by repeating the fit after including in the background model a component describing the incorrectly associated candidates. The background distribution is determined by calculating the decay time for each B + → J/ψ K + decay with respect to a randomly chosen PV from the previous selected event. In studies of simulated events the fraction of this background is less than 0.1%. Repeating the fit with a 1% contribution results in the lifetime changing by 0.1 fs and, therefore, no systematic uncertainty is assigned.
The measurement of the effective lifetime in the B 0 s → J/ψ φ channel is integrated over the angular distributions of the final-state particles and is, in the case of uniform angular efficiency, insensitive to the different polarisations of the final state [46] . To check if the angular acceptance introduced by the detector geometry and event selection can affect the measured lifetime, the events are weighted by the inverse of the angular efficiency determined in Ref. [46] . Repeating the fit with the weighted dataset leads to a shift of the lifetime of −1.0 fs, the same as is observed in simulation. The final result is corrected by this shift, which is also assigned as a systematic uncertainty. The B 0 s effective lifetime could also be biased due to a small CP -odd S-wave component from B There is a 0.02% relative uncertainty on the lifetime measurements due to the uncertainty on the length scale of LHCb [52] , which is mainly determined by the VELO modules z positions. These are evaluated by a survey, having an accuracy of 0.1 mm over the full length of the VELO (1000 mm), and refined through a track-based alignment. The alignment procedure is more precise for the first track hits, that are less affected by multiple scattering and whose distribution of z positions have an RMS of 100 mm. In this region, the differences between the module positions obtained from the survey and track-based alignment are within 0.02 mm, which is taken as systematic uncertainty. The systematic uncertainty related to the momentum scale calibration affects both the b hadron candidate mass and momentum and, therefore, cancels when computing the decay time.
The systematic uncertainty related to the choice of 45 fs for the width of the decay-time resolution function (65 fs in the case of B 0 → J/ψ K results. Consequently, no systematic uncertainty is assigned. Furthermore, to test the sensitivity of the lifetimes to potential mismodelling of the long tails in the resolution, the resolution model is changed from a single Gaussian function to a sum of two or three Gaussian functions with parameters fixed from simulation. Repeating the fit with the new resolution model causes no significant change to the lifetimes and no systematic uncertainty is assigned. The lifetimes are insensitive to the offset, ∆, in the resolution model. Several consistency checks are performed to study the stability of the lifetimes, by comparing the results obtained using different subsets of the data in terms of magnet polarity, data taking period, b-hadron and track kinematic variables, number of PVs in the event and track multiplicity. In all cases, no trend is observed and all lifetimes are compatible with the nominal results.
The majority of the systematic uncertainties described above can be propagated to the lifetime ratio measurements in Table 7 . However, some of the uncertainties are correlated between the individual lifetimes and cancel in the ratio. For the first set of ratios and for ∆Γ d /Γ d , the systematic uncertainty from the VELO-reconstruction efficiency weights and the LHCb length scale are considered as fully correlated. For the second set of ratios, other systematic uncertainties, as indicated in Table 5 , cancel, since the ratio is formed from lifetimes measured using the same decay mode. In contrast to the situation for the measurement of the B 0 lifetime in the B 0 → J/ψ K * 0 mode, the B 0 production asymmetry does lead to a systematic uncertainty on the measurement of τ B 0 →J/ψ K * 0 /τ B 0 →J/ψ K * 0 since terms like A P cos(∆m d t) do not cancel in the decay rates describing the decays of B 0 and B 0 mesons to J/ψ K * 0 and J/ψ K * 0 final states. The effect of candidates where the flavour, via the particle identification of the decay products, has not been correctly assigned is investigated and found to be negligible. Table 7 reports the ratios of the B + , B 
Using the effective lifetimes reported in Table 6 and β = (21.5 
where the first uncertainty is statistical and the second is systematic. [12] U. Nierste, CP asymmetry in flavor-specific B decays, arXiv:hep-ph/0406300.
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